A recent paper reported an association between older paternal age at the time of conception of the child and higher mutation rate of single nucleotides. 1 It was based on a sample of 78 trios, of which 65 offspring had either schizophrenia or autism, and may thus not be representative of the general population. The authors hypothesized these findings to be linked to epidemiological studies, showing that the higher the paternal age at the time of child's birth, the higher the risk of schizophrenia. Here we show that paternal age-related de novo mutations cannot explain most of this association.
If the risk of schizophrenia was driven mainly by paternal agerelated de novo mutations, then we would predict that this process would be found across the reproductive lifespan of the father, regardless of the age of the father when he had his first child. However, a recent finding suggested that this was not the case. 2 Here, we elaborate on this finding by directly discriminating between paternal age and paternal age at the time of first child's birth and by including more recent follow-up data. Based on the Danish nationwide registers, 3, 4 we followed all second or later born children born in Denmark 1955-1996 (1 334 883 persons) for the development of schizophrenia from 1970 to 2011. Overall, 8865 persons developed schizophrenia during the 27.8 million person-years at risk. Incidence rate ratios were adjusted for age, sex, calendar time, birth year, maternal age, maternal age at her first child's birth, degree of urbanization at the place of birth and history of mental illness in a parent or sibling. 2, 5 Figure 1a shows the well-known epidemiological finding that the incidence rate ratio of schizophrenia increased with increasing paternal age at the time of child's birth. Although we have limited our analyses to second or later born children, the effect of paternal age at the time of child's birth remained evident in this subgroup. Figure 1a also shows that the incidence rate ratio of schizophrenia increased with increasing paternal age at the time of first child's birth. The risk of schizophrenia is more strongly associated with paternal age at the time of first child's birth compared with paternal age at the time of child's birth. Figure 1b shows the incidence rate ratio of schizophrenia according to paternal age at the time of child's birth stratified by paternal age at the time of first child's birth. The reference category consisted of children whose father was aged 25-29 years at child's birth as well as at the time of first child's birth. For any fixed paternal age at the time of first child's birth, paternal age at the time of child's birth had no appreciable effect on the incidence rate ratio of schizophrenia. For example, among children whose father had his first child at the age of 30-39 years, children whose father was 40-49 years old at the time of child's birth had a risk of 1.26 (95% confidence interval (CI): 1.12-1.42), while children whose father was 50-59 years old at the time of child's birth had a risk of 1.07 (95% CI: 0.70-1.62). The effect of paternal age subdivided by paternal age at the first child's birth shown in Figure 1b could not be reduced to a model including paternal age alone (Po0.00001), but could be reduced to a model including paternal age at the first child's birth alone (P ¼ 0.37). Therefore, our findings suggest that paternal age-related de novo mutations cannot explain the relationship between paternal age and risk of schizophrenia.
In conclusion, we confirmed the well-known epidemiological finding that the higher the paternal age at child's birth, the higher the incidence rate ratio of schizophrenia (especially for paternal age over 50 years). However, the age of the father when he had his first child, rather than his age at the birth of the subject under study, explained the association between paternal age and the Figure 1 . (a) Incidence rate ratios of schizophrenia associated with paternal age at the time of child's birth (blue line) and paternal age at the time of first child's birth (green line). The reference category consisted of children whose father was aged 25-29 years at the time of child's birth (first child's birth). (b) Incidence rate ratios of schizophrenia associated with paternal age at the time of child's birth (abcisse) and paternal age at the time of first child's birth (see legends for paternal age at the time of first child's birth groups). The reference category consisted of children whose father was aged 25-29 years at child's birth as well as at the time of first child's birth. risk of schizophrenia. We acknowledge the evidence that de novo mutations increase with increasing paternal age at conception. 1 However, we urge the research community to consider a wider matrix of factors underpinning the association between paternal age and the risk of schizophrenia. We speculate that later first paternity may be associated with a predisposition for schizophrenia in the father.
Dynamics of the meningeal CD4
þ T-cell repertoire are defined by the cervical lymph nodes and facilitate cognitive task performance in mice The traditional view of the central nervous system (CNS) as an immune-privileged organ yielded a longstanding perception of such interactions-as seen, for example, in multiple sclerosis 1,2 -as intrinsically destructive. This notion is changing with the identification of several homeostatic functions attributable to beneficial T-cell/CNS interaction, 3 for example, in hippocampaldependent learning 4 and stress response paradigms, 5 and in models of neurodegeneration and CNS injury. 6 Here we provide insights into the maintenance and dynamics of the meningeal T-cell repertoire. We show that meningeal T-cell composition is coupled to the CNS-draining deep cervical lymph nodes (dCLNs), whose surgical removal interrupted the normal flow of meningeal T cells and resulted in cognitive impairment.
We recently identified the meninges, which envelopes the outer and ventricular surfaces of the brain and spinal cord, as a candidate site for beneficial T-cell interaction with the CNS. 3 The meninges are permissive to circulating lymphocytes, harbor MHCII-expressing cell types, and are well situated to broadly affect CNS function. 3, 7, 8 To study the dynamics of CD4 þ T cells at this site we employed a parabiotic mouse model, enabling us to characterize the relative intratissue cell turnover rate in the CD4 þ compartment. By day 15, after parabiotic surgery, CD4
þ T cells equilibrate across the blood and lymphoid tissues; however, their turnover in the meninges (and CNS-draining dCLN) was severely delayed (Figure 1a) , suggesting that the entry of CD4 þ T cells was gated, passively or actively, by the meninges. We broadly define 'passive gating' as an intrinsically CD4-restrictive meningeal environment, and 'active gating' as permissive but regulated entry.
To differentiate between active and passive gating, we transferred wild-type Ly5.1 splenocytes into OTII mice. We predicted that given the low CD4 þ T-cell turnover in the meninges, seeding by transferred wild-type T cells (that is, their 'passive gating') would occur more slowly here than in other tissues. Surprisingly, however, the meninges were the most receptive of all the analyzed tissues, with the largest percentage of their total CD4 þ T cells originating from transferred Ly5.1 splenocytes (Figure 1b) . We interpreted this result to mean the meninges is not globally restrictive to CD4 þ T-cell entry and residence. Polyclonal wild-type T cells are known to expand homeostatically under conditions of lymphopenia or low clonal diversity.
9 To determine whether homeostatic expansion was driving T cells from the blood into the meninges, we connected OTII transgenic mice parabiotically with wild-type partners (Figure 1c) . Here, as in the adoptive transfer model, the OTII mouse meninges accepted impressive numbers of donor CD4 þ T cells from the blood. Surprisingly, whereas 'naive' CD44 -T cells equilibrated evenly between parabiotic partners, CD44
hi 'activated/memory' T cells did not (Figure 1d ). Not only can this explain the lack of T-cell accumulation in the meninges of the wild-type partner, but it also serves as a cautionary tale concerning a major assumption of the parabiotic model, namely that the unified circulatory system guarantees homogenous leukocyte circulation. In fact, mixing of CD11b þ monocyte populations was also severely diminished (Figure 1e ), suggesting either that some cell types cannot pass through the unified capillary junctions or that they extravasate directly into the site of surgical injury.
Both the uniquely slow T-cell turnover rate in the wild-type meninges and the increased seeding of the meninges of OTII mice by wild-type T cells was also apparent in the dCLNs. To explore possible coupling of the meninges and dCLNs, and to find out how interruption of this coupling might affect the T-cell composition of the meninges, we surgically resected dCLNs of wild-type mice. Two weeks after surgery, the numbers of CD4 þ T cells in the meninges of operated mice were substantially increased (Figure 1f ). To find out what effect, if any, dCLN resection might have on behavioral outcomes, we subjected resected and sham-operated mice to the Morris water maze behavioral task and observed significant spatial learning and memory impairment in the dCLN-resected groupparticularly in the reversal phase of the assay (Figure 1g) .
Although the notion that T cells are required for normal learning and memory is not an intuitive one, every mode of T-cell depletion attempted so far substantiates this necessity (reviewed in Kipnis et al.
10
). This phenomenon is particularly interesting given that the cognitive decline seen in patients undergoing chemotherapy, and in those suffering from age-related senility or HIV-associated dementia, is correlated with a collapse in adaptive immunity that occurs most saliently within the CD4 þ T-cell compartment. As we begin to ask what role(s) T cells are having in higher brain functions, honing in on the specific localization and migratory behavior of T cells that operate in the meningeal spaces of the CNS is a likely prerequisite to
